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Medical supervision o~ young female athletes training in 
complex coordinations) sports 
Irina Schevchenko, MD1, Viktor V Abramov, MD\ Paul T Gibson, PhD2 and 
Hatim A Omar, MD, FAAP3 
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Abstract: This article proposes simple medical criteria that can be used by trainers and others for 
effective medical supervision of young female athletes. METHODS: The cross-sectional, age-
stratified study compared girls I 0-17 years of age involved in intensive training in gymnastic floor 
exercises, trampoline, or badmintOn. Each sport and/or control group was represented by 40-45 girls. 
Data included medical history, morphometric variables and observation of biological development. 
RESULTS: Gymnasts started training earliest (-S years old) and trained .most intensely (18-20 h/wk), 
followed by trampolinists and then badmintonists. Height, weight, body mass index, and% body fat 
were reduced in athletes, with gymnasts showing the greatest reduction. Athletes showed higher ratios 
of leg length to height and shoulder width/hip width, and smaller pelvic size compared to height. The 
average age of menarche of gymnasts was 13.8 {1.6 year later than controls). Delays of biological 
development of more than 2 years were common in athletes, and some gymnasts showed more than a 
4-year delay. These delays were related to morphometric indicators of hormonal imbalance and to 
low body fat. Gymnasts had more childhood diseases, with an infection index of 2.8 compared to 1.1 
for the control group, and had a higher level of chronic ENT problems. CONCLUSIONS: Trainers 
need to protect the health of athletes. During the course of training, anamneses, delayed menarche and 
other signs of delayed biological development must be monitored. Morphometric measures and 
indicators of biological development are proposed to provide simple criteria important in protecting 
the athletes' health. 
Keywords: complex coordinational sports, hormonal imbalance, biological development, physical 
development, morphometric 
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INTRODUCTION 
Issues in women's athletic training continue 
to become more important each year. 
Modern training of athletes is characterized 
by specializing at a younger age, training 
for more hours, and involving more intense 
physical strain in training and competition. 
This intensity affects the morphometric 
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parameters of physical development and the 
rate of biological development of young 
athletes. According to (1 and 2}, a 
disturbance of reproductive functions occurs 
more frequently in athletes than in the 
general population. One problem is that 
often health of the athletes is not considered 
a priority (3). The scientific literature 
documents that both physical and biological 
development is delayed by the physical 
strain on young athletes (4}. Considering 
that the preparation of competitive athletes 
occurs in stages (basic training, training for 
the specific sport, and becoming highly 
competitive), it becomes obvious that the 
basic period of training includes many 
hours of intensive physical stress at the time 
when puberty occurs. This period is also 
characterized by major physical changes 
and sensitivity to the surrounding conditions. 
The data of Abramov et al (5) showed that 
systematic athletic training, independent of 
the specific training process, is related to 
developmental delays in young women 
athletes. Hormonal imbalances, especially 
hypo-estrogeneinia and hyper-androgen-
emia, were evident and related to the 
developmental delay (5). 
Monitoring the actual hormonal levels 
ofi athletes is difficult, expensive, and not 
realistic for athletic trainers in many 
situations. Therefore, it is important to 
identify simple indicators of hormonal 
imbalance in young women athletes. 
Morphometric ratios and simply observed 
indicators of biological development may 
be suitable for this purpose. The identi-
fication of appropriate indicators will allow 
modification of the training process and 
rational medical supervision of athletes for 
the purpose of preventing pathological 
disturbances of their development and 
reproductive function. The purpose of this 
study was to identify simple medical 
criteria that can be used by trainers, sports 
medicine pract1ttoners, and others for the 
purpose of effective medical supervision of 
young female athletes participating in non-
repetitive, complex coordinational sports. 
METHODS 
The research reported here was a cross-
sectional study (6) that included 130 young 
female athletes between ages I 0 and 17 y 
participating in three different acyclical, 
complex, coordinational sports: gymnastic 
floor exercises (n = 45), badminton (n = 
40), and trampoline (n = 45). The sample 
for each sport was provided by six trainers 
in sports schools in Dnepropetrovsk, 
Ukraine, who agreed to cooperate with this 
research. The sampling occurred over the 
period of 2002-2007, with all data for an 
individual girl collected at one time. The 
extended period of sampling was required 
because the measurement of each girl was 
time-intensive (only a part of the data is 
reported here). The control group (n = 45} 
consisted of a random sample of girls of the 
same age during the same period (2002-
2007) who participated in ordinary, manda-
tory physical education classes in ordinary 
schools in Dnepropetrovsk. Both the 
control group and the three athletic groups 
were stratified by age, with each having I0-
t4 girls per age-subgroup [10-11, 12-13, 
14-15, 16-17 years of age). 
Medical history 
In Ukraine, all citizens, including children, 
have a permanent card in which medical 
observations are recorded. Children attending 
a sports school receive a medical evaluation 
twice a year, whereas others visit a 
physician when necessary for medical care 
or for meeting school requirements, etc. The 
medical records were supplemented by a 
questionnaire that included information 
about parents and child. Parental infor-
mation included general health, course of 
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pregnancy and birth, length and weight of 
the child at birth, course of infancy and 
early childhood, childhood diseases, etc. 
Clinical observations 
Each girl in the study was observed by an 
ENT specialist, an ophthalmologist, an 
endocrinologist and a gynecologist. 
Physical measurements 
Data recorded included body weight, height, 
leg length (to vertilnoi point), shoulder 
width (acromion), and four pelvic measure· 
ments (width at the spinarum, cristarum, 
and trochanter, and frontal-basal thickness 
from the symphysis to the S111 lumbar 
vertebrae). The following ratios were calcu-
lated: leg length/height, shoulder width/hip 
width, pelvic index (sum of the four pelvic 
measurements/height), and body mass 
index (BMI = weight/(heighti) (7). The 
first three of these ratios were summarized 
into ranges defined by Abramov (8). Ratios 
outside of the normal range are suggestive 
ofhormonal imbalance. 
Percent body fat was determined by 
caliper measurements of skin thickness (9). 
Biological development was evaluated by 
underarm hair, pubic hair, breast develop-
ment, and age at menarche. Compared with 
normal values, a delay of 2.0 to 2.9 y was 
considered Stage I delay. Stage II and Stage 
III involved delays of 3.0 to 3.9 y and? 4.0 
y, respectively (I 0). The date of first 
menstruation and the regularity, cycle 
length, and days of bleeding were recorded. 
Statistical analysis 
Morphometric data were analyzed using 
regression against age. Group means were 
compared, assuming a common linear slope 
on age for all groups, by F-protected LSD 
(a= O.OS), based on residual error. Parallel· 
ism of group slopes, and quadratic 
regressions for specific groups were tested 
by an F-test of the reduction in error sums 
of squares. When non-parallel slopes or 
quadratic regression was present, fitted 
group means at the average age of all 
subjects (including controls) were compared 
by pairwise t-tests based on the appropriate 
error for each treatment. The effect of sports 
training on body characteristics (shoulder/hip 
ratio, etc.) was also evaluated by the 
percentage of girls having specific ranges of 
values within specific age categories. 
For those variables that were not 
regressed against age (age at beginning of 
training, stage of biological development, 
infection index, etc.), standard analysis of 
variance and LSD comparisons were used. 
RESULTS 
Table I shows morphometric measure-
ments. Height and weight were lower in 
athletes than in the control group. Gymnasts 
had the lowest height and weight, followed 
by trampolinists and then badmintonists. 
Height and weight increased equally per 
year in all groups. BMI followed the same 
pattern as height and weight, except that no 
significant difference was found between 
trampolinists and hadmintonists. 
The percent body fat was lowest in 
gymnasts, followed by trampolinists and 
then badmintonists. Body fat consistently 
increased with age in the control group (b = 
0.8/y). In contrast, body fat % decreased 
with age in gymnasts and badmintonists 
(b = -0.3/y, highly significant) and tramp~ 
olinists (b ""- 0.5/y, highly significant), 
even though gymna~s already had low body 
fat even at age 10 (-17%). By age 17 y, the 
mean of each athletic group was 17% or 
less, whereas the control group was > 24%. 
The ratio of shoulder width to hip width 
was higher in gymnasts than in any other 
group. ln all groups, this ratio decreased 
slightly with age. The ratio of leg length to 
height was higher among athletes than in 
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Table l. Morphometric measurements 
All groups 
Height Weight 
BMI %body Shoulder LegLJHt Pelvic 
Mean Mean fat /Hip ratiO lhdex 
Mean 
153.3 42.3 17.8 17.9 1.28 57.3 57.8 
Pooled Slope 3.35- 2.9- 0.48- ..().06- -0,02- 0.29-· o.oo-
diff in slope ns ns ns ns ns ns ns 
Group Means 
C(n=45) 158.6 a 48.9 a 19.3 a 21.2 a 1.23 a 54.2a 60.0a 
B (n=40) 155.0 b 43.2 b 17.9 b 17.3 b 1.26 b 57.6b 58.2b 
T (n=45) 151.2 c 40.7c 17.7 b 17.7 b 1.25 ab 58.4c 58.5b 
G (n=45) 149.0 d 36.8 d 16.3 c 15.5 c 1.36c 59.1 c 54.6c 
MS error 
18.8 18.8 2.12 2.67 0.0041 2.81 6.64 
(164-168 df} 
LSD o.05 1.88 1.88 0.63 0.71 0.028 0.73 1.1'2 
Group Means 
•, ••, ••• Statistically significant at P < .05, < .01, and< .001; respectively 
the control group, especially in gymnasts 
and trampolinists. This ratio increased with 
age more strongly in the control (b = 0.86) 
than in the athletic groups (b = 0.28 to 
0.67). The pelvic index was lower among 
athletes than in the control group, especially 
in gymnasts. This ratio increased with age 
in all groups. 
Table 2 shows indicators of hormonal 
imbalance. According to V. Abramov (5, 
8), ratios of leg length/height > 61.8 are a 
strong indicator of hypo-estrogenemia, and 
ratios> 55.5 are often associated with such 
imbalance. Gymnasts showed the highest 
ratios, with 85% above 55.5, even at age 
10·11 y, and 100% above this level from 
age 12-13 y onward. Ftom 10% to 27% 
were above 61.8, a strong indirect indicator 
of hypo-estrogenemia for some of the 
gymnasts in each age group. Both trampo-
linists and badmintonists showed ratios 
higher than the control group, indicating 
some occurrence of hypo-estrogenemia in 
these groups as well. 
Strong evidence of hypo-estrogenemia 
(SIH ratio > 1.47) was shown only in 
gymnasts (14% to 18%) in the younger two 
age groups, but a substantial percentage had 
ratios> 1.35, suggestive of some degree of 
hypo-estrogenemia. A few trampolinists 
had high ratios as well. The high ratios 
reflected larger shoulder width and smaller 
hip width in athletes than in the control. 
Pelvic indices < 55 indirectly suggest 
hormonal imbalance, especially if <50. 
Low pelvic indices were most frequent in 
gymnasts. A number of trampolinists showed 
ratios low enough for concern, even though 
the mean ratio of trampolinists was statis-
tically not less than the control (Table 1 ). 
Body fat < I 7% by the expected age of 
menarche is considered a serious impediment 
to normal biological ·development (11). 
Body fat > 20% is typical at menarche, and 
normally continues to increase throughout 
adolescence (8, 11). On average, menarche 
Table 2. Me ').Surements related to hormonal imbalance 
% boc !y fal legleng !I'L+ie gh~ 
Group Age 
.... 
>20 18.5-20 17~18.5 <17 55~t7 61.8-08 8 
c 10-11 33.4 58.3 8.3 16.7 
12,13 41.7 41.7 16.6 40 
14-15 72.7 27.3 63.6 
16-17 too 66.7 
B 10-11 10 50 10 20 60 
12-13 10 20 20 50 60 10 
14-1.5 10 to 10 !0 80 
1&-17 10 50 40 80 10 
T 1 0-·11 33.3 41.7 16.7 a.3 91.7 
12-13 30 50 20 90 
14-15 16.6 41.7 41.7 87.5 12.5 
16-17 9.t 90.9 90.9 9.1 
G 10-11 :n 7J 35.8 50 64.3 21.4 
12-13 7:.1 tl 81 .8 121 27.3 
14-15 • 100 90 10 
16-H • 100 30 20 
Shoo de'' Hip ra io Pelvic Index 










10 50 10 
n 63.6 
14.3 57.2 
36 14 45.5 36.3 
2t 18 80 20 
30 10 30 
20 
Dea ;edpu~ 
. 47.6-50 . 2-3 y 3-Ji y >•r 
Age ofllenarche= f2 2 




Age of \4enarche= 13 2 
18 
33 8 
28.5 46 t8 
18.2 Age of!\ienarche=13 B 
2r 9 
36 t8 
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Table 3. Percentage ofgir/s with disturbed menstrual cycles, % 
Menstrual cycle in days 
1 y post menarche 2 y post menarche 
B T G B T G 
> 35 d (oligomenorrhea) a 21 9 
> 6 d (polymenorrhea) 8 32 17 
< 21 d (hypermenorrhea) 17 15 18 
B, badmintonists; T, trampolinists; G, gymnasts 
Table 4. Riskfactorsfor athlete health 
Age training Hours~ Group N began (y) traininglwk 
c 45 - -
B 40 9.1 8-10 
T 45 6.2 10-12 
G 45 4.6 18-20 
occurs before age 12-13 y in non-athletes 
(12), and did so in most of the control 
group. At age 12-13 y, the control group 
averaged about 20% body fat, with all girls 
> 17%. At this age, 50% of badmintonists, 
20% of: trampolinists, and 82% of gymnasts 
had < 17% body fat. By age 16-17 y, all 
girls in the control group had body fat 
> 20%, but none of the athletes were above 
20%. Body fat < 17% was found in 100% 
of gymnasts, 91% of trampolinists, and 
400/o of badmintonists. Body fat levels in 
these athletes were defmitely lower than 
that considered necessary for normal 
biological development. 
The age of menarche, as one measure of 
biological development, was 1.5 y later in 
gymnasts than in the control group. Athletes 
participating in trampoline and badminton 
also had delayed menarche, but not as 
severely as gymnasts. All three groups of 
athletes included a number of girls with 
lnfectiOI'I. % with chronic ENT problems 
ooenoid Index tonsillitis sinusitis 
11,111 
total 
1.1 30 7 7 44 
1.4 30 5 8 43 
1.9 31 16 7 54 
2.8 53 4 9 66 
puberty delayed more than 2 y, and delay 
was more evident as age increased. 
Especially serious delays were observed 
among gymnasts, with 16% delayed more 
than 4 y when compared with normal, and 
63% showing delays ofiat least 2 y. 
Menstrual cycle disturbances are shown 
in table 3. Oligomenorrhea was observed in 
one or more girls in trampoline and 
gymnastics I y after menarche and in 
gymnasts 2 y after menarche. The same 
pattern occurred for polymenorrhea. Hyper-
menorrhea occurred in all three groups of 
athletes 2 y after menarche. 
Some factors that potentially contribute to 
delayed biological development are shown 
in table 4. The familial history of the 
athletes showed that mothers who had 
trained in sports had experienced delayed 
menarche as well. Gymnasts had a higher 
percentage of mothers who had trained and 
mothers with later menarche than other 
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Table 5. Recommended criteria for morphometric evaluation ofyoungfemale athletes 
Normal Indicator of hormonal 
Criteria 
before menarche 
Legl.Jheight ratio (x 1 00) 49-52 
Shoulder/hip ralio < 1.35 
Pelvic/height index 55.£0 
%body fal >17 
groups of athletes. Gymnasts started training 
very early (4.6 y) and had very intensive 
training (18-20 hlwk). Gymnasts also 
experienced more childhood diseases than 
other groups (almost 3 times the number in 
the control group). Abramov (8) and others 
(13) noted even more frequent occurrence 
of childhood diseases in athletes (infection 
index> 4). Chronic sub-acute tonsillitis was 
noted in over half of the gymnasts. There 
may have been a higher frequency of 
chronic sinusitis in trampolinists, but a 
larger sample would be needed to verify 
this f'mding. 
DISCUSSION 
Morphometric ratios, such as S/H, LL/H, 
and pelvic index/height have been shown to 
be related to measured hormonal imbalance 
and delayed biological development in 
young women in other sports, including 
basketball, volleyball, and track and field 
(5,8). The similar altered ratios and delayed 
biological development observed in the 
present study can be taken as evidence of 
hormonal imbalance. 
Percent body fat in the control group at 
age 16-17 y ranged from 22.85·27.2, with 
an average of 24.7 percent. The absence of 
very high values is consistent with the 
finding that most Ukrainian girls are trim 
(12). Even compared with the relatively 
trim control group, the percent body fat in 
athletes was strongly reduced by training, to 
after menarche imbalance 
56-62 Higher ratio 
< 1.25 Higher ratio 
60-63 lower index 
>20 Lower value 
levels markedly below those needed for 
normal biological development. Other 
research shows that body fat percent should 
be above 17% to avoid delaying menarche 
(14). For a regular menstrual cycle, the 
body fat should be more than 20% to 22% 
(15-16), or even > 24% (1). The levels 
found here were so low that future fertility 
is likely to be reduced (8, 11, 13). Biological 
development was delayed in a large 
percentage of the athletes. De lays of more 
than 4 y occurred in some of the gymnasts. 
In general, the degree of mor-phometric 
alteration and delay of biological develop-
ment corresponded with the start of training 
at earlier ages and with the intensity of the 
training. 
Although trainers obviously must emph-
asize obtaining maximum performance of 
their athletes, trainers should not endanger 
the present and future health of the athletes 
they train. The athletes in this study 
experienced a higher number of childhood 
diseases than the control group, and higher 
levels of chronic ENT problems. Adverse 
effects on the future health of the athletes is 
also anticipated, partly in relation to 
excessively low body fat % and the delay in 
biological development. Trainers must 
consider indicators of risk and evidence of 
delayed physical and biological develop-
ment when accepting girls for training and 
monitor these indicators throughout the 
course of training. 
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Caution should be used when dealing 
with girls with a childhood disease infection 
index > 3 and indicators of chronic ENT 
problems. During the course of training, 
history of delayed menarche and other signs 
of delayed biological development must be 
monitored, and if severe, the training 
regime must be lightened or interrupted. 
Delays of 2-3 y in biological development 
should result in reduced intensity of 
training, and girls with delays of more than 
3 y should be evaluated by an endo-
crinologist and gynecologist or an adoles-
cent medicine specialist to determine if 
training can continue without permanent 
harm. Morphometric indicators of hormonal 
imbalance (see table 5) should be 
monitored, and considered a possible 
precursor to significant delays in biological 
development. 
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